In order to optimize the accuracy of imaging in Gamma Knife radiosurgery using the image fusion options available in the Leksell gamma plan. Phantom images from 1.5 Tesla MRI Scan (Magnetom vision -Siemens) and Computed Tomography images from Philips Brilliance 16 CT scanner were used for image fusion in Gammaplan treatment planning system . The images were fused using co-registration technique using multiview and imagemerge modules. Stereotactic coordinates were then calculated for known targets. Vector distances from the centre of the Leksell coordinate system to five known targets were measured in CT, MR and CT-MR fused images and compared with geometrical measurements. The mean values of maximum absolute errors were 0.34 mm ,0.41 mm.0.38 mm (along x-axis), 0.43 mm, 1.53 mm, 0.62 mm (along y-axis) and 0.75 mm 2.02 mm, 0.93 mm (along z-axis) for CT ,MR and CT-MR fused image data respectively.
Introduction
In gamma knife Radiosurgery a patient with head frame attached to his skull undergoes Magnetic Resonance Imaging, Computed tomography (CT) scanning and Digital Subtraction Angiography procedures for tumor localization [6, 15] . Image fusion combines the features of multiple imaging systems and provides better image information required for stereotactic localization.
The choice of the imaging system is based on the characteristics of the individual radiosurgical lesion [5] . Many authors reported the superior geometric accuracy of the computerized tomography systems compared to Magnetic Resonance Imaging systems [2, 8, [16] [17] , however, concerns regarding the z-axis efficiency of Computed Tomography systems [16] have been reported. In contrast, Magnetic Resonance imaging systems offer superior contrast resolution compared to computerized tomography [9] [10] [11] [12] [13] [14] [15] [16] .
Image fusion is a technique that combines the complementary information from separate imaging studies into single coherent study and allow simultaneous visualization of each imaging modality using a variety of display techniques [2, 5] . In general, the fusion may be multimodal or monomodal [10] and it may be performed using hardware-based or software-based [10, 15] approaches. Image fusion methods are based either on detection of geometric features as points and lines or with iconic method based on the voxel property [1] .
Popular image fusion techniques are based on fiducial markers or on surface matching of volumes identified on each modality. The fiducial marker technique requires markers visible on all modalities, but such markers reduce the precision of fusion. The chamfer match technique is based on sets of points belonging to the same anatomical structures and visible in each study [9] . In this study, the term image fusion represents multimodal fusion [10] , as image fusion studies were performed on images from Computed Tomography and Magnetic Resonance Imaging systems.
Leksell Gamma plan has two options for combining the features of imaging modalities, known as image fusion and co-registration. In image fusion, the images can be used for two defined studies so that anatomical structures can be visualized by enhancing the best features of both studies. This is done by setting maximum and minimum grey scale values, by mixing the studies or subtracting the characteristics of one study from other. The two studies are denoted here as first study and second study. 56 Sajeev Thomas et al. Coregistration technique uses an iterative method based on a metric (scalar value) that represents the amount of common information between the reference and the image study to co-register. The process starts with an initial transformation that, given an arbitrary position in the reference study, computes the corresponding position in the image study to co-register. Giving the initial transformation, the co registration algorithm computes a metric value by looking at the intensity at a great number of positions in the reference study and intensity at the corresponding position in the image study to co-register. This calculation is performed for a large number of different transformations, in order to find the optimal match between two studies. Co-registration uses a global optimizer to try different transformations to maximize the metric value. Some studies have been reported concerning the measurement of image fusion quality using mutual information correlation function [3, 10] . It is done as a plot of intensity of all pixels from one image versus another [10] , however, mutual information does not recognize the anatomy or physiology of the underlying body tissues or organs.
To make this tool clinically useful the accuracy, robustness, speed and autonomy have to be verified. The present study is aimed at evaluation of accuracy of the image fusion using co-registration provided with multiview and imagemerge modules of Gammmaplan 5.34. In this study we have used different image data sets with larger FOV and different voxel sizes to simulate maximum probability of errors in a standard clinical setup.
Methods
An octagonal perpex phantom ( Figure 1 ) that could be secured to the base of the Leksell frame (Elekta AB, Stockholm, Sweden) was designed ( Figure 1) . Holes of 1.5 mm diameter and with length varying from 30 mm to 110 mm were accurately drilled and filled with copper sulphate solution for contrast resolution. The holes were spaced at 10 mm distances. Five volume chambers of 1 cubic centimeter were filled with copper sulphate solution for MR imaging and with Teflon rods for CT-imaging. The phantom has additional provisions for keeping films, ion chambers and diods for future investigations. The plates are connected using a polythene rod and tightened with perpex bolts.
A novel technique to evaluate… 57 (Table 1) and using Helical acquisitions after inserting guide wires of 0.5 mm sealed in capillary tubes in computed Tomography unit (Table 2) . Images were exported to the Leksell Gamma plan through the hospital network. The images were defined and registered in the Leksell Gamma plan (version 5.34) and then, the stereotactic coordinates of the holes ( Figure 2 ) were determined in each image sets.
Image fusion was performed in Gamma plan using CT as the reference image (first image set for maximum CT values). The coordinates of the geometrically known targets were calculated using CT, MR, and CT-MR fused image sets separately. Distances from the centre of the Leksell Coordinate system (100, 100, 100) to the volume chambers located at different corners (Anterior, Posterior, Right, Left) and in the middle were estimated in all image data sets and compared with geometrical values. These studies were repeated 12 times over a period of 12 days and the measurements were independently verified by two medical physicists. The maximum errors were determined by calculating the differences between geometrically known values and the stereotactic values calculated by Leksell Gammaplan.
Results
The mean values of maximum error in stereotactic coordinates calculation were 0.38 mm, 0.62mm, 0.93 mm along x, y and z-axis when the CT-MR image fusion was applied with CT as the reference image. The mean of maximum error in estimation of the vector distances from the centre of the coordinate system to the known targets was 0.43 mm in fused images. The obtained errors are represented as scatter graphs in Figure 3 . The mean value of maximum errors along x-axis was equal to 0.34 mm and 0.41 mm, respectively, when CT images and MR images were used. Mean maximum error along y-axis was 0.43 mm when CT images were used and 1.53 mm with MR images and along z-axis it was 0.75 mm using CT images and 2.02 mm using MR images.
The mean maximum errors of the calculated vector distances from the centre of the coordinate system to the volume chambers (Known Targets) using CT and MR images were equal to 0.22 mm, 0.80 mm and they were reduced to 0.43 mm using the image fusion. 
Discussion
A distortion of MR imaging is an important factor that limits the spatial accuracy of Gamma knife Radiosurgery. However, the superior contrast resolution and multiplanar imaging capability position the MR as the best modality for neuro imaging. On the other hand, Computed Tomography systems provide precise geometric localization with minimum contrast resolution. In this study the geometric accuracy of CT images was within 1 mm in all three (x, y, z) directions, while it exceeded 1 mm in MR imaging. After image fusion the mean values of maximum errors were reduced to less than 1 mm in all directions which is the desired accuracy for stereotactic radiosurgery imaging. Maximum error observed in z-direction may be due to the maximum dimension of voxel in that direction compared to x-axis and y-axis directions.
Image fusion mixes the image details of two defined studies in the stereotactic space and provides better visualization. The image fusion software uses mathematical algorithms and statistical techniques that operate independent of the imaging modalities to align the image datasets [10] . One of the datasets can be transformed through translation, rotation and deformation to give maximum overlap of common regions.
In gamma plan 5.34 version, the image co registration is provided with Multiview and Image Merge modules. In LGP software a Normalized Mutual Information (NMI) algorithm is used for image co-registration [1, 4] where non-defined image sets may be used. Detailed comparison of these options are beyond of the scope of this work, which was devoted to verification of the image fusion option available in Leksell Gamma plan system. The estimated reduction of the error in calculating the vector distances from the centre of stereotactic coordinate space to 5 known targets is a clear indicator for better stereotactic accuracy obtained through CT-MR image fusion. The study revealed that the errors after performing CT-MR fusion were slightly higher than the error of the images with minimum error and lower than the error of image data set with maximum error.
The study showed the minimal error along x axis and significant improvement in accuracy along y and z axes compared to the MR images alone. The voxel dimensions of the reference CT images of (0.59 mm × 0.59mm × 1mm) were different from the voxel dimensions of MR images (0.98 mm × 0.98 mm × 1 mm) used in this study. Such dimensions were chosen in order to evaluate the maximum error for conditions of an ordinary clinical arrangement, where equal imaging parameters cannot be selected. The observed maximum error along z-axis is partly due to the maximum dimension of the voxels in z-direction. Even considering the larger field of view and taking into account other imaging parameters, the error in estimating the stereotactic coordinates was less than 1 mm for fused image data.
Conclusion
The study showed that the accuracy of fused CT-MR images was better than the accuracy of MR images alone. Image fusion technique combines the complementary information from all imaging equipment and is a useful tool for improving the geometrical accuracy of Gamma knife radiosurgery procedures. The accuracy of image fusion procedure depends on the quality of the individual image data sets and on the amount of information used from each image data set. Hence, this method should be used only after verifying the stereotactic accuracy of the individual image sets used for fusion.
